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Abstract

A three-dimensional Navier-Stokes code has been developed for analysis of turboma-
chinery blade rows and other internal flows. The Navier-Stokes equations are written in
a Cartesian coordinate system rotating about the x-axis, and then mapped to a general
body-fitted coordinate system. Streamwise viscous terms are neglected using the thin-
layer assumption, and turbulence effects are modelled using the Baldwin-Lomax turbu-
lence model. The equations are discretized using finite differences on stacked C-type grids
and are solved using a multistage Runge-Kutta algorithm with a spatially-varying time
step and implicit residual smoothing.

Calculations were made of the flow around a supersonic throughflow fan blade. The
fan was designed at NASA Lewis Research Center as a key component in a supersonic
cruise engine. It was designed to produce a total pressure ratio of 2.7 at an axial Mach
number of 2.0. The midspan section of the blade is being tested in a supersonic linear
cascade at Virginia Polytechnic Institute and will be tested in a rotating rig at Lewis in
the near future. Comparisons between earlier quasi-3-D calculations and the VPI data
show excellent agreement between shock locations and wake traverses.

The 3-D calculations were done on a 129 * 29 * 33 grid and took 50 minutes of cpu
time on a Cray X-MP. Comparisons with the quasi-3-D results show minor differences in
loading due to 3-D effects. Particle traces show nearly 2-D flows near the pressure surface,
but large secondary flows within the suction surface boundary layer. The horseshoe vortex
ahead of the leading edge is clearly seen.
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